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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a crucible for pulling up 
a single crystal 

having not only, a cylindrical body part but also a 
bowl -like bottom part 

composed of C/C composite material reinforced by 
filament -winding method. 

SOLUTION: This crucible for pulling up a single crystal 
composed of a 

fiber-reinforced carbon composite material is constituted 
of two or more suits 

of combinations obtained by combining filament windings of 
not only a 



COUNTRY 
N/A 



circumferential direction reinforcing layer 23 but also 
axial direction 

reinforcing layers 22 and 26. The axial direction 
reinforcing layers 22 and 2 6 

are formed by at least one of a level -winding 2 6 or a 
polar-winding 22 having 

O&deg ; -lO° winding angle against a center axis 16, and 
the circumferential 

direction reinforcing layer 23 is formed by at least one of 
a parallel winding 

23 or a helical winding having 7 0 &deg ; - 9 0 &deg ; winding 
angle against the center 

axis. The axial direction reinforcing layers 22 and 26 
cover the center 17 of 

the bottom, and thereby the crucible having no hole and 
integrally composed of 

C/C composite material is obtained. A thermally 

de^omp^sjjig^c^^bojr^pene t ra tes — — 

and also covers the surface" of the C/C composite material. 
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(57) ABSTRACT 

A crucible 1 made of a C/C composite material for use in 
single crystal pulling, the crucible 1 having a lateral cylin- 
drical portion 11 and a bottom portion 12 integrally formed 
as multiple layers wound by a filament winding method, in 
which the first layer 2 as the innermost crucible layer, among 
the multiple layers, is wound such that carbon fibers form 
tracks passing the polar point O at the bottom 12, the second 
layer 3 wound on the outer surface of the first layer 2 is 
wound along tracks to form a first outer circular bottom 8 
that extends outwardly from about a middle part of a raised 
portion 6 where the carbon fibers of the first layer 2 are 
localized to the polar point O, and the third layer 4 and the 
succeeding layers wound on the outer surface of the second 
layer 3 are wound respectively along tracks to form outer 
circular bottoms that extend stepwise outwardly from about 
the middle parts of the outer surfaces of layers situated 
inside the respective layers, and the top for the raised portion 
of the first layer and the top for each of the outer circular 
bottoms at the bottom of the carbon fibers wound around as 
the multiple layers are at an substantially identical height, 
detachment and deformation of carbon fibers during use 
being suppressed by reducing the machining for the bottom 
of the crucible after molding. 
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FIG. 2(a) 
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FIG. 3 
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CRUCIBLE MADE OF CARBON 
FIBER-REINFORCED CARBON COMPOSITE 
MATERIAL FOR SINGLE CRYSTAL PULLING 
APPARATUS 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of Ihe Invention 

[0002] This invention concerns a crucible made of carbon 
fiber-reinforced carbon composite material for use in pulling 
silicon single crystals apparatus by a Czocbralski method 
(hereinafter referred to as a CZ method). 

[0003] 2. Related Art 

[0004] In the CZ method, silicon single crystals are 
formed by pulling up molten silicon in crucibles. For the 
crucibles, those made of quartz having characteristics of 
high melting point, high temperature stability and less 
reactivity with molten silicon have been used. FIG. 6 shows 
a schematic view of a CZ silicon single crystal pulling 
apparatus. The outline for the CZ method is to be explained 
with reference to the drawing. 

[0005] In FIG. 6, a quartz crucible 42 filled with poly- 
crystalline silicon is placed at the inside of a crucible 43 in 
a chamber 41. The crucible 43 is placed on a susceptor 46 
and pivoted on a pedestal 47, and situated centrally of the 
chamber 41. Further, a heater 44 and a temperature keeping 
cylinder 45 are disposed so as to surround the outer periph- 
ery of the crucible 43 to melt the polycrystalline silicon in 
the quartz crucible 42 by heating. The temperature for the 
polycrystalline silicon is directly measured by a pyrometer 
48, by which temperature is controlled. Then, a seed crystal 
50 attached to a seed chuck 49 is immersed in the molten 
polycrystalline silicon in the quartz crucible 42, and pulled 
up under rotation in the direction identical with or opposite 
to that of the crucible 43 to grow silicon single crystals. 

[0006] For the production of silicon single crystals by the 
CZ method, a quartz crucible for melting silicon in the inside 
and a crucible made of graphite for containing and support- 
ing the quartz crucible from the outside are used. In recent 
years, since the diameter of the single crystals to be manu- 
factured is increased, the size of the pulling apparatus used 
in the CZ method is also increased. Correspondingly, the 
size of the graphite crucible is enlarged and the weight 
thereof is increased making it difficult for handling. Further, 
it has also resulted in a problem that the effective processing 
size in the pulling apparatus is decreased. 

[0007] Carbon fiber-reinforced carbon composite material 
(hereinafter referred to as a C/C composite material) is light 
in weight compared with the graphite material and has 
excellent characteristics in various kinds of mechanical 
strengths. Accordingly, the processing chamber of the appa- 
ratus can be used effectively. Further, owing to the reduced 
weight, handlability such as installation to the apparatus is 
also excellent. In view of the above, the material of furnace 
components including the crucible used for the single crystal 
pulling apparatus of a large diameter by the CZ method have 
now been shifted from graphite to the C/C composite 
material The method of manufacturing a crucible made of 
the C/C composite material mainly includes the following 
two methods. 

[0008] One of them is a method referred to as a filament 
winding method. In this method, after immersing a carbon 



fiber bundle formed by bundling carbon fibers into a binder 
of low viscosity comprising, for example, a thermosetting 
resin and a solvent and then winding the carbon fiber bundle 
deposited with the binder around a mandrel having the shape 
conforming a crucible thereby forming the same into a 
required crucible shape. Then, heat setting is conducted, for 
example, at a temperature of about 100 to 300° C. and the 
resultant shaped product is carbonized in an inert gas such 
as N 2 gas at a temperature, for example, of about 1000° C. 
After the carbonization, a phenol resin, tar pitch or the like 
is impregnated optionally and then beating is applied at a 
temperature of 1500° C. or higher to conduct carbonization 
(graphitization). The crucible obtained by steps described 
above is heated, for example, in a halogen gas atmosphere 
at a temperature of about 1500 to 2500° C. to apply a high 
purity treatment and obtain a crucible comprising a C/C 
composite material. 

[0009] The other is method referred to as a hand layup 
method. In this method, carbon fiber cloths arc appended to 
the mold of a crucible to manufacture a molded product and 
then applied with thermosetting, carbonization, graphitiza- 
tion and high pure treatments to obtain a crucible made of a 
C/C composite material. 

[0010] Generally, the C/C composite material is manufac- 
tured by combining the filament winding method and the 
hand layup method. 

[0011] By the way, when the crucible 43 is actually used, 
it is necessary that the bottom thereof is flattened such that 
it can be placed stably on the susceptor 46 (refer to FIG. 6). 
For this purpose, as shown in FIG. 7, the bottom 52 of a 
crucible 51 has been flattened by cutting off a hatched 
portion 53 in FIG. 7 by machining. In this case, carbon 
fibers at the crucible bottom 52 are cut. Accordingly, this 
causes deformation of the crucible bottom 52 by the plastic 
deformation or the like of the C/C composite material per sc 
or detachment of the carbon fibers. Then, when the crucible 
bottom 52 is deformed, gaps arc formed to the C/C com- 
posite material crucible 51 themselves and between the C/C 
composite material crucible 51 and the susceptor 46 (refer to 
FIG. 6). SiO gases intrude into the gaps upon pulling 
operation and react with the crucible to form SiC, thereby 
resulting in a problem of consuming the crucible. Further, 
the carbon fibers at the cut portion 53 occasionally suffer 
from defoliation by the stresses upon deformation. 

[0012] This invention has been accomplished for over- 
coming the foregoing problems and intends to provide a 
crucible made of a C/C composite material for use in single 
crystal pulling apparatus that can decrease the amount of 
machining as less as possible for the bottom of the crucible 
after forming the crucible by the filament winding method or 
the like used for single crystal pulling apparatus and sup- 
press detachment or deformation of carbon fibers during use. 

SUMMARY OF THE INVENTION 

[0013] For overcoming the foregoing problems, this 
invention provides a crucible made of a C/C composite 
material for use in single crystal pulling, the crucible having 
a lateral cylindrical portion and a bottom portion integrally 
formed as multiple layers wound by a filament winding 
method, in which the first layer as the innermost crucible 
layer, among the multiple layers, is wound such that carbon 
fibers form tracks passing the polar point at the bottom, the 
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second layer wouod on the outer surface of the first layer is 
wound along a track to form a first outer circular bottom that 
extends outwardly from about a middle part of a raised 
portion where the carbon fibers of the first layer are localized 
to the polar point, and the third and the succeeding layers 
wound on the outer surface of the second layer are wound 
respectively along tracks to form outer circular bottoms that 
extend stepwise outwardly from about the middle parts of 
the outer surfaces of layers situated inside the respective 
layers, and the top for the raised portion of the first layer and 
the top for each of the outer circular bottoms at the bottom 
of the carbon fibers wound around as the multiple layers are 
at an substantially identical height. Further, the top may be 
flattened by machining. 

[0014] According to the crucible made of a C/C composite 
material of this invention, the bottom of the crucible forms 
a bottom of a substantially identical height after molding by 
a filament winding method, which can be placed stably on 
a susccptor. Further, a flat surface can be formed by machin- 
ing a portion of the tops for the protrusions on a corrugating 
surface formed slightly at the bottom to a required minimum 
extent. Further, when the amount of cutting by machining is 
restricted to 40% or less, preferably, 30% or less for the 
thickness of the bottom (thickness for the top of the raised 
portion of the first layer), the mechanical strength at the 
bottom is not lowered, detachment or defoliation of the 
carbon fibers during use is decreased and the deformation of 
the crucible per se made of the C/C composite material can 
also be suppressed. This can suppress conversion of the 
crucible into SiC upon pulling single crystals. 
[0015] Further, this invention also provides a crucible 
made of a C/C composite material for single crystal pulling 
use, the crucible having a lateral cylindrical portion and a 
bottom portion formed integrally as multiple layers wound 
by a filament winding method, in which a substantially 
disk-shaped or a circular cylindrical bottom central member 
comprising a carbonaceous material is disposed at a central 
portion of the bottom, the first layer of the carbon fibers as 
the innermost crucible layer or plural layers including the 
second layer and the succeeding layers, among the multiple 
layers, are wound so as to cover the lateral periphery of the 
bottom central member along the circumferential surface 
thereof up to the height substantially identical with the 
bottom of central member, the respective layers after the 
layer of the carbon fibers wound up to the height substan- 
tially identical with the bottom of the bottom central mem- 
ber arc would along tracks to form outer circular bottoms 
that extend stepwise outwardly from the layers situated 
inside of the respective layers, and the tops for the central 
bottom member and for each of the outer circular bottoms at 
the bottom of the carbon fibers wound around as the multiple 
layers are at an substantially identical height. 
[0016] As described above, since the bottom central mem- 
ber comprising the carbonaceous material is disposed at the 
center of the bottom, the stability of the bottom can be 
improved further. Further, an opening can be formed to the 
bottom central portion without cutting the crucible-forming 
carbon fibers. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] FIG. 1 is a view showing a lateral cross sectional 
view and a bottom view for one example of an embodiment 
of a crucible made of a C/C composite material according to 
this invention; 



[0018] FIG. 2 is a view for explaining a method of 
manufacturing a crucible made of a C/C composite material 
of one embodiment according to this invention; 

[0019] FIG. 3 is a lateral cross sectional view and a 
fragmentary enlarged view after machining for one example 
of an embodiment of a crucible made of a C/C composite 
material according to this invention; 

[0020] FIG. 4 is a lateral cross sectional view and a 
bottom view for another example of an embodiment of a 
crucible made of a C/C composite material according to this 
invention; 

[0021] FIG. 5 is a view showing examples of forms for 
bottom central members used in one embodiment of a 
crucible made of a C/C composite material according to this 
invention; 

[0022] FIG. 6 is a view for explaining a CZ method; and 

[0023] FIG. 7 is a view for explaining the shape of a 
bottom of an existent crucible made of a C/C composite 
material. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] An embodiment of a crucible made of a C/C 
composite material according to this invention is to be 
described with reference to the drawings. 

[0025] FIG. 1 shows a crucible 1 made of a C/C compos- 
ite material according to this embodiment in which (a) is a 
side cross sectional view and (b) is a bottom view. As shown 
in FIG. 1, the crucible 1 made of the C/C composite material 
according to this embodiment has a multi-layered structure 
in which carbon fiber bundles formed by bundling carbon 
fibers are wound into four layers comprising a first layer 2 
as the innermost layer, a second layer 3 formed on the outer 
surface thereof a third layer 4 formed on the outer surface of 
the second layer 3, and a fourth layer 5 formed on the outer 
surface of the third layer 4. 

[0026] As shown in FIG. 1, the carbon fiber bundles 
forming the first layer 2 are wound so as to form tracks 
passing the polar point O at the bottom of the crucible 1 
made of the C/C composite material. Accordingly, the 
carbon fiber bundles overlap at the polar point O to form a 
part of a raised portion 6. 

[0027] In the second layer 3, each of the carbon fiber 
bundles is would while finely controlling the winding angle 
on the middle part of the raised portion 6 at the polar point 
O of the first layer 2 so as to be along a circle-forming track, 
that is, tangential lines of a circle or in the direction parallel 
therewith. Accordingly, a first outer circular bottom 8 
slightly raised by the overlap of each of the carbon fiber 
bundles is formed at a portion in contact with the first layer 
2 so as to extend outwardly from the middle part of the 
raised portion 6 at the polar point O. Further, the top of the 
raised portion of the first outer circular bottom 8 and the top 
part of the raised portion 6 at the polar point O can be made 
substantially identical with each other by winding while 
finely controlling the winding angle as described above. 

[0028] The third layer 4 is formed by winding each of the 
carbon fiber bundles while finely controlling the winding 
angle so as to be along circle-forming track al a middle part 
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of the raised portion of the first outer circular bottom 8 that 
is formed by the second layer 3 on the bottom 12 of the 
crucible 1 made of the C/C composite material, and a second 
outer circular bottom 9 is formed so as to extend outwardly 
from the middle part of the raised portion of the first outer 
circular part 8. Since the carbon fiber bundles are would 
around while finely controlling the winding angle also at the 
top for the raised portion of the second outer circular bottom 
9, it is substantially identical at the height with the top for 
the raised portion 6 at the polar point O and the top for the 
raised portion of the first outer circular bottom 8. 

[0029] The fourth layer 5 is wound so as to be along a 
circle-forming track at a middle part of the raised portion 9 
of the second outer circular bottom 9 that is formed by the 
third layer 4 on the bottom 12 of the crucible 1 made of the 
C/C composite material. In this case, it is formed by winding 
each of the carbon fiber bundles while finely controlling the 
winding angle and the third outer circular bottom 10 is 
formed so as to extend outwardly from the middle part of the 
raised portion of the second outer circular bottom 9. Since 
the carbon fiber bundles are would around while finely 
controlling the winding angle also for the top of the raised 
portion of the third outer circular bottom 10, it is substan- 
tially identical with the height for the top part of the raised 
portion 6 at the polar point O, the top for the raised portion 
of the first outer circular bottom 8 is substantially identical 
with the top for the raised portion of the second outer 
circular bottom 9. 

[0030] As described above, the carbon fiber bundles form- 
ing each of the layers are wound along tracks spaced 
stepwise each at a substantially equal distance circularly 
from the polar point O of the crucible bottom 12 while finely 
controlling the winding angle respectively. Accordingly, the 
heights of the tops for the raised portion 6 and for each of 
the outer circular bottoms 8, 9 and 10 formed by the 
respective layers being overlapped to each other at the 
crucible bottom 12 arc made in a substantially identical 
height. Accordingly, it can be placed in the susccptor and 
placed on the CZ apparatus in a stable state with no flat 
machining for the crucible bottom 12 as in the prior art. 

[0031] Then, a method of manufacturing the crucible 1 
made of the C/C composite material according to this 
embodiment is to be explained. 

[0032] In FIG. 2(a), a mandrel 21 has a cylindrical portion 
22, a bulged portion 23 bulging in a bowl- like shape at one 
end of the cylindrical portion 22 and a shaft 24 protruded 
from the center al the other end of the cylindrical portion 22. 
The cylindrical portion 22 has an outer diameter correspond- 
ing to the inner diameter of a lateral body portion 11 of the 
crucible 1 made of the C/C composite material and is made 
somewhat longer than the lateral body portion 11 of the 
crucible 1 made of the C/C composite material. The bulged 
portion 23 has a curved outer surface conforming the curved 
shape at the inside of the bottom 12 of the crucible 1 made 
of the C/C composite material. The mandrel 21 is supported 
by the shaft 24 capable of rotation under control, and a 
delivery portion 25 for supplying carbon fiber bundles 
impregnated with a binder as a matrix precursor is moved 
along the outer circumference of the mandrel 21. This 
enables filament winding such as polar winding, parallel 
winding and level winding optionally. In this case, the 
carbon fiber bundles wound on the side at the other end of 



the cylindrical portion 22 are to be discarded. Since the 
carbon fiber bundles may sometimes cause slip at the 
circumferential portion at the other end, pins may be dis- 
posed for preventing the deviation of the carbon fiber 
bundles, 

[0033] Then, a step up to the completion of the crucible 
made of the C/C composite material by using the mandrel 21 
is to be explained specifically. Multiple layers of 2D cloths 
impregnated with a binder as a matrix precursor such as a 
thermosetting resin are appended (not illustrated) on the 
surface of the mandrel 21. By the appension of the 2D 
cloths, the inner surface of the crucible 1 made of the C/C 
composite material is flattened. 

[0034] Then, as shown in the side cross sectional view and 
the bottom view in each of FIGS. 2(b) and (c), carbon fiber 
bundles are wound in a polar winding so as to be along 
tracks passing the polar point O at the bulged portion 23 to 
form the first layer 2. in this step, the raised portion 6 is 
formed at the polar point O by overlap of the carbon fiber 
bundles. 

[0035] Then, as shown in FIG. 2(d), parallel winding is 
applied by winding along the circumferential direction of the 
cylindrical portion 22. This parallel winding is conducted 
such that the winding angle relative to the central axis is 
approximate to 90°, which forms the circumferential 
strengthening layer for the crucible body portion. 

[0036] Then, as shown in FIG. 2(e) and (f) the carbon fiber 
bundles are wound by a level winding while finely control- 
ling the winding angle along tracks so as to form a circle at 
the middle part of the raised portion 6 of the first layer 2. 
Thus, a first outer circular bottom 8 is formed to the outer 
circumference of the raised portion 6 of the first layer 2. 
Then, parallel winding is applied to the lateral cylindrical 
portion 11. Subsequently, the tracks of the carbon fiber 
bundles wound to the bulged portion 23 of the mandrel 21 
are changed such that the diameters for the respective outer 
circular bottoms 8, 9 and 10 extend stepwise outwardly from 
the middle parts of the raised portion 6 at the polar point O 
and the respective outer circular bottoms 8, 9 in order to 
provide optional number of layers and layer thickness. Then, 
level winding and the parallel winding to the lateral cylin- 
drical portion 11 are repeated to form a multi -layered 
molded product of the crucible 1 made of the C/C composite 
material. 

[0037] After the molding steps as described above, the 
mandrel 21 wound around with the molded body is dried as 
it is. Then, heating is applied while providing the molded 
body at the outer circumference of the mandrel 21 with an 
external pressure to heat-cure the binder as the matrix 
precursor such as the resin Then, the molded body is 
detached from the mandrel 21. Thus, a molded body of a 
crucible shape is obtained. The molded body is heated and 
baked to apply carbonization in an inert atmosphere a I 800 
to 1000° C. 'I hen, the carbonized body is impregnated with 
pitch or the like and baked at 800 to 1000° C. The steps 
described above are repeated twice to four times to apply 
densification. When a predetermined density is obtained, it 
is heated to 1800 to 2200° C. to conduct graphitization. 

[0038] Subsequently, a high purity treatment is applied in 
a halogen gas atmosphere under a reduced pressure of 10 Pa 
to 50 kPa to obtain a highly pure product with the ash 
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content of 20 ppm or less, llien, a pyrolylic carbon is 
impregnated to the inside through the pores present at the 
surface by the CVD method, thereby coating the surface. 

[0039] The pyrolylic carbon is a graphitized product al 
high purity and high degree of crystallization obtained by 
thermally decomposing hydrocarbons, for example, hydro- 
carbon gases or hydrocarbon compounds of 1 to 8 carbon 
atoms, particularly, propane having number of carbon atoms 
of three or a methane gas having a number of carbon atom 
of 1. 

[0040] The CVD method referred to herein is a Chemical 
Vapor Deposition method, which includes a so-called CVI 
method of impregnating and precipitating the pyrolylic 
carbon through the open pores to the inside of the substrate. 
Then, using the hydrocarbons or hydrocarbon compounds 
described above, the operation is conducted at a hydrocar- 
bon concentration of 3 to 30%, preferably, 5 to 20% and a 
entire pressure of 13 kPa or less, preferably, 6 kPa or less. 
When such an operation is conducted, hydrocarbons form 
macro carbon compounds near the surface of the substrate 
by way of dehydrogenation, thermal decomposition and 
polymerization, they are deposited on the substrate and 
further undergo dehydrogenating reaction to form a dense 
pyrolytic carbon layer or which are penetrated and impreg- 
nated. The temperature for the precipitation is generally 
within a wide range from 800 to 2500° C. and it is desirable 
to precipitate the pyrolytic carbon in a relatively low tem- 
perature region of 1300° C. or lower in order to impregnate 
as deeply as possible. Further, in a case of forming the 
pyrolytic carbon as far as the inside, it is preferred to set the 
precipitation time to a long period of 50 hours or more, 
preferably, 100 hours or more. Further, this enable to form 
the pyrolytic carbon between each of the fibers thoroughly 
which contributes to the improvement of the inter-layer 
shearing strength of the C/C composite material. Further, for 
improving the degree of impregnation, an isothermal 
method, a temperature gradient method or a pressure gra- 
dient method can be used. Alternatively, a pulsative method 
of enabling to shorten the time and densification may also be 
used. Subsequently, a dense pyrolytic carbon may some- 
times be coated on the surface. The retention time is con- 
trolled so as to provide a desired thickness usually at 1500 
to 2200° C. while setting other conditions as described 
above. The impregnation and coating of the pyrolytic carbon 
by the CVD method are properly adjusted to the working 
conditions or the like or the treatment by the CVD method 
is not adopted depending on the working conditions. 

[0041] Carbon fibers to be used have no particular restric- 
tion and any of carbon fibers such as PAN type, rayon type 
or pitch type may be used. In view or the strength that can 
be adopted in the filament winding method, PAN type 
carbon fibers are more preferred. In the case of considering 
the reaction resistance to Si, use of pitch type fibers is 
preferred. There is also no particular restriction on the 
diameter of the carbon fibers and 2f.cm or more of diameter 
is preferred while considering the prevention of disconnec- 
tion of fibers upon filament winding. The number of fila- 
ments in the carbon fiber bundle used is preferably 1000/ 
bundle or more with a view point of preventing fiber 
disconnection upon filament winding. The number of fila- 
ments can be made, for example, as 1000 to 200,000/bundle. 



[0042] l"he binder forming the matrix precursor has no 
particular restriction and organic binders such as thermoset- 
ting resins including phenol resins and furan resins, and 
coal-tar pitch may be used. 

[0043] The crucible 1 made of the C/C composite material 
of this embodiment manufactured as described above has the 
bulk density of 1.4 g/cm 3 or more. 

[0044] Further, the bottom of the crucible 1 may be cut off 
at a portion shown by the dotted chain in FIG. 3 conforming 
the shape of the susceptor 46 of the CZ apparatus (refer to 
FIG. 6) such that the crucible 1 can be placed reliably on the 
susceptor 46. As shown in FIG. 3, only the raised portion 6, 
tops for respective outer circular bottoms 8, 9 and 10 and an 
a rounded corner 13 of the fourth layer 5 on the crucible 
bottom 12 are cut off. Since the height is substantially 
identical at the tops for the raised portion 6 and each of the 
circular bottoms 8, 9 and 10 by the way of winding as 
described above, a Sat surface can be formed by cutting off 
the portion by 40% or less, preferably, 30% or less for the 
thickness of the crucible bottom 12 (thickness for the raised 
portion 6). Further, by cutting the rounded comer 13 of the 
fourth layer 5 into a tapered portion 7, stable location in the 
CZ apparatus is possible. Further, even when deformation 
should occur by the stresses upon cooling, contact between 
the crucible and the beater can be avoided. 

[0045] As described above, in the C/C composite material 
crucible according to this invention, the carbon fiber bundles 
at the bottom are not cut or, in a case of applying machining, 
less carbon fiber bundles are cut by machining, and detach- 
ment of the carbon fibers upon use in the CZ apparatus can 
be suppressed. Further, since the amount of the machining is 
small, lowering of the mechanical strength at the bottom of 
the crucible can also be suppressed and it does not deform 
even by the thermal stresses exerted repetitively during used 
in the CZ apparatus. Accordingly, no gaps are formed 
relative to the susceptor and consumption of the crucible can 
be suppressed. 

[0046] Further, as shown in FIG. 4, in the C/C composite 
material crucible according to this invention, a substantially 
disk-like or circular cylindrical bottom central member 30 
made of a carbonaceous material can also be disposed at the 
center of a bottom 12. In this case, for the first layer as the 
innermost layer of the crucible, the carbon fibers are wound 
around along a lateral circumferential surface 31 of the 
bottom central member 30. Then, a second layer 3 wound 
around the outer surface of the first layer 2 is laminated on 
the surface of the first layer 2 and wound around along the 
lateral circumferential surface 31 of the bottom central 
member 30. Further, a third layer 4 is laminated on the 
surface of the second layer 3, wound around so as to cover 
the lateral circumferential surface 31 of the bottom central 
member 30 and wound around so as to be at a substantially 
identical height with the bottom of the bottom central 
member 30 to form a raised portion 36, Then, each of the 
layers after the third layer 4 is wound along a track forming 
the outer circular bottom which extends stepwise outwardly 
from each of the layers that are situated inside of the 
respective layers. Then, the tops for the raised portions 36 of 
respective outer circular bottoms arc at a substantially 
identical height. Accordingly, the crucible can be placed 
stably on the susceptor without machining the tops. In 
addition, an aperture may be fabricated to the bottom central 
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member 30. Since the aperture is formed to the portion of the 
bottom central member 30, it is not necessary to cut the 
carbon fibers that form the crucible 1, which can greatly save 
the manufacturing cost. Further, provision of the bottom 
central member 30 enables to decrease the portion of cutting 
the crucible forming carbon fibers as less as possible. The 
number of layers of the carbon fibers wound around so as to 
cover the lateral circumferential surface 31 for the bottom 
central member 30 arc properly adjusted to the working 
conditions. 

[0047] The shape for the bottom central member 30 is not 
restricted to that shown in FIG. 4 but may be in various 
shapes as shown in FIG. 5. Further, the shape is not 
restricted to those shown in FIG. 5 where the lateral 
circumferential surface is shaped into a concave configura- 
tion but it may be formed in a protruded configuration 
contrary to those shown in FIG. 5. 

EXAMPLE 1 

[0048] Using the mandrel 21 shown in FIG. 2, TOREKA 
T-300 3K (manufactured by Toray Co.) plain weave cloth 
impregnated with a phenol resin was appended by three 
layers to the surface of the mandrel 21, on which filament 
winding was applied. Filament winding was conducted by 
polar winding using six filaments of TOREKA T-300 12K 
(manufactured by Toray Co.) while impregnating a phenol 
resin and such that they formed tracks passing through the 
polar point O of the bulged portion 23 of the mandrel 21 and 
cover the entire surface thoroughly. Then, a parallel winding 
was applied at a winding angle to the central axis of 85° to 
90° to form the first layer 2. Then, a second layer 3 was 
formed to the outer surface of the first layer 2. In this case, 
level winding was conducted using six filaments of 
TOREKA T-300 12K (manufactured by Toray Co.) while 
impregnating the phenol resin such that they passed through 
the tracks to define 60 mm of the inner diameter for the first 
outer circular bottom 8. Then, parallel winding was applied 
with a winding angle relative to the central axis of 85° to 90° 
to form the second layer 3. Level winding was applied to the 
outer surface of the second layer 3 using six filaments of 
TOREKA T-300 12K (manufactured by Toray Co.) while 
impregnating a phenol resin such that they passed through 
the tracks to define 100 mm of the inner diameter for the 
second outer circular bottom 9. Then, parallel winding was 
conducted at a winding angle of 85° to 90° relative to the 
central axis to form the third layer 4. Level winding was 
conducted to the outer surface of the third layer 4 using six 
filaments of TOREKA T-300 12K (manufactured by Toray 
Co.) while impregnating the phenol resin such that they 
passed through the tracks define 140 mm inner diameter for 
the third outer circular bottom 10. Then, parallel winding 
was applied at a winding angle relative to the central axis of 
85° to 90° to farm a fourth layer 5, thereby forming a molded 
product with the thickness or 2 mm for each of the layers for 
the lateral cylindrical portion 11, the outer diameter of 470 
mm and the thickness of the bottom 12 of 20 mm. Then, the 
molded product was heat cured in the oven. After thermo- 
setting, it was detached from the mandrel 21 to obtain a 
crucible shape molded product. Then, the temperature was 
elevated to 1000° C. to obtain a C/C composite material. 
Further, pitch impregnation and baking were repeated twice 
to conduct densification. In addition, as the final heat treat- 
ment, it was heated under a reduced pressure to 2000° C. to 
apply graphitization. 



[0049] The molded product obtained by way of the steps 
described above was machined at the bottom 12 as shown in 
FIG. 3. In this case, only the dotted chain portion shown in 
the figure, that is, only the tops for the raised portion 6 and 
for each of the outer circular bottoms 8, 9 and 10 were 
machined. The cutting amount by machining was 5% for the 
thickness of the crucible bottom 12. After machining, a high 
purity treatment was further applied in a halogen gas atmo- 
sphere under a reduced pressure at 2000° C. Subsequently, 
impregnation and coating treatments with pyrolytic carbon 
were applied by a CVD method to obtain a final product. The 
bulk density of the crucible 1 made of the C/C composite 
material was increased to 1.58 g/cm 3 by the CVD treatment. 
The thus obtained crucible 1 made of the C/C composite 
material was placed in a CZ apparatus and a test for pulling 
single crystals in an actual apparatus was conducted. 

EXAMPLE 2 

[0050] A crucible was manufactured in the same manner 
as in Example 1 except for setting the cutting amount by 
machining for the crucible bottom 12 to 30% for the 
thickness of the crucible bottom 12 to obtain a crucible made 
of a C/C composite material, which was placed in the CZ 
apparatus and a lest for pulling up single crystals in an actual 
apparatus was conducted in the same manner as in Example 
1. 

EXAMPLE 3 

[0051] A crucible was manufactured in the same manner 
as in Example 1 except for setting the cutting amount by 
machining for the crucible bottom 12 to 40% for the 
thickness of the crucible bottom 12 to obtain a crucible made 
of a C/C composite material, which was placed in the CZ 
apparatus and a test for pulling single crystals in an actual 
apparatus was conducted in the same manner as in Example 
1. 

COMPARATIVE EXAMPLE 1 

[0052] Using the mandrel 21 shown in FIG. 2, TOREKA 
T-300 3K (manufactured by Toray Co.) plain weave cloth 
impregnated with a phenol resin was appended by three 
layers to the surface of the mandrel 21, on which filament 
winding was applied. Filament winding was conducted 
using six filaments of TOREKA T-300 12K (manufactured 
by Toray Co.) while impregnating a phenol resin by polar 
winding and parallel winding with the winding angle at 85° 
to 90° relative to the central axis, alternately, as shown in 
FIG. 5, repetitively, to the same thickness as in Example 1. 
The body portion had a mixed layer by parallel winding and 
polar winding but the bottom was formed only by polar 
winding. Then, the molded product was heat cured in an 
oven. After heal curing, the molded product was delachcd 
from the mandrel 21 to obtain a molded product of a 
crucible-shape. Then, temperature was elevated up to 1000° 
C. to obtain a C/C composite material. Further, densification 
was conducted by twice repeating the pitch impregnation 
and baking. In addition, it was heated under a reduced 
pressure at 2000° C. as the final beat treatment to conduct 
graphitization. Then, machining was conducted so as to 
obtain the same shape as that in Example 1. In this case, the 
cutting amount by machining was 50% for the thickness of 
the crucible bottom 12. Subsequently, a high purity treat- 
ment and a CVD treatment were conducted in the same 



US 2002/0185061 Al 



6 



Dec. 12, 2002 



manner as in Example 1 to form a crucible made of a C/C 
composite material, which was located in the CZ apparatus 
and a test of pulling single crystals in an actual apparatus 
was conducted. 

COMPARATIVE EXAMPLE 2 

[0053] A crucible was manufactured in the same manner 
as in Example 1 except for changing the cutting amount by 
machining for the crucible bottom 12 to 45% for the 
thickness of the crucible bottom 12 to form a crucible made 
of a C/C composite material, which was located in the CZ 
apparatus and a test for pulling up single crystals in an actual 
apparatus was conducted in the same manner as in Example 
1 to Example 3, and Comparative Example 1. 

[0054] Table 1 shows the result for the test in the actual 
apparatus in Example 1 to Example 3 and Comparative 
Example 1 and Comparative Example 2, collectively. 



TABLE 1 


State of 


Amount 




crucible after 


of 




use for 30 


cutting* 




times Remarks 


% 




Example 1 No abnormality No abnormality after use for 100 


5 




times 




Example 2 No abnormality Bottom deformed slightly after use 


30 




for 100 times 




Example 3 No abnormality 


f Bottom deformed slightly after use 


40 


for 50 times 




Cotnp. Deformed at 


Gap formed between crucible and 


50 


Example 1 the bottom 


receiving tray 




Comp. Deformed at 


Gap formed between crucible and 


45 


Example 2 the bottom 


receiving tray 





*Thc amount of cutting shows the ratio assuming the thickness at the cru- 
cible bottom being as 1 



[0055] As shown in Table 1, in the crucible of Example 1, 
deformation of the crucible and detachment of the carbon 
fibers were not observed even after conducting the pulling 
treatment for 100 times. Further, in the crucible of Example 
2, the crucible bottom deformed somewhat after conducting 
the pulling up treatment for 100 times. Further, in the 
crucible of Example 3, the crucible bottom deformed some- 
what after conducting pulling up treatment for 50 times. On 
the other hand, in the crucible of Comparative Example 1, 
the crucible bottom deformed somewhat, and gaps were 
formed between the crucible and the receiving tray after the 
pulling up treatment for 30 times. Further, in the crucible of 
Comparative Example 2, the crucible bottom deformed 
somewhat, and gaps were formed between the crucible and 
susceptor after pulling up treatment for 30 times in the same 
manner as in Comparative Example 1. 

[0056] As has been described above, according to this 
invention, the height can be made substantially identical for 
the raised portion at the polar point and the tops for each of 
the outer circular bottoms formed by each of the layers, by 
extending the tracks along which the carbon fiber bundles 



are wound in the polar winding by the filament windiog 
method stepwise substantially in proportion. Therefore, in 
the machining for flattening the crucible bottom, the cutting 
amount can be reduced to 40% or less and it is possible to 
prevent lowering by machining of the mechanical strength at 
the crucible bottom. Accordingly, when the crucible is used 
in the CZ apparatus, it is free from deformation by thermal 
stresses exerting repetitively and a crucible made of the C/C 
composite material of long endurance life can be obtained. 

What is claimed is: 

1. A crucible made of a carbon fiber reinforced carbon 
composite material for use in single crystal pulling, the 
crucible having a lateral cylindrical portion and a bottom 
portion integrally formed as multiple layers wound by a 
filament winding method, in which the first layer as the 
innermost crucible layer, among the multiple layers, is 
wound such that carbon fibers form tracks passing the polar 
point at the bottom, the second layer wound on the outer 
surface of the first layer is wound along a track to form a first 
outer circular bottom that extends outwardly from about a 
middle part of a raised portion where the carbon fibers of the 
first layer are localized to the polar point, and the third and 
the succeeding layers wound on the outer surface of the 
second layer are wound respectively along tracks to form 
outer circular bottoms that extend stepwise outwardly from 
about the middle parts of the outer surfaces of layers situated 
inside the respective layers, and the top for the raised portion 
of the first layer and the top for each of the outer circular 
bottoms at the bottom of the carbon fibers wound around as 
the multiple layers arc at an substantially identical height. 

2. A crucible made of a carbon fiber reinforced carbon 
composite material for single crystal pulling use as defined 
in claim 1, wherein the top is flattened by machining. 

3. A crucible made of a carbon fiber reinforced carbon 
composite material for single crystal pulling use, the cru- 
cible having a lateral cylindrical portion and a bottom 
portion formed integrally as multiple layers wound by a 
filament winding method, in which a substantially disk- 
shaped or a circular cylindrical bottom central member 
comprising a carbonaceous material is disposed at a central 
portion of the bottom, the first layer of the carbon fibers as 
the innermost crucible layer or plural layers including the 
second layer and the succeeding layers, among the multiple 
layers, are wound so as to cover the lateral periphery of the 
bottom central member along the circumferential surface 
thereof up to the height substantially identical with the 
bottom of central member, the respective layers after the 
layer of the carbon fibers wound up to the height substan- 
tially identical with the bottom of the bottom central mem- 
ber are would along tracks to form outer circular bottoms 
that extend stepwise outwardly from the layers situated 
inside of the respective layers, and the tops for the central 
bottom member and for each of the outer circular bottoms at 
the bottom of the carbon fibers wound around as the multiple 
layers are at an substantially identical height. 
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I/} (57) Abstract: The invention concerns a method for making a bowl (36) in composite material consisting of a fibrous reinforcement 
C$ densified by a matrix which consists in producing a filament winding of a preform (28) having an axial passage (20) at the bottom, 
0© density ing the preform by vapour phase chemical infiltration and closing the passage with a plug (34). Prior to densifi cation, the 
preform can be rigidified. A final step of vapour phase chemical infiltration can be carried out after the plugging phase. 

i 

® (57) Abrege: La fabrication du bol (36) en materiau composite forme* d*un renfort fibreux density par une matrice comprend la 
^ realisation par bobinagc fiiamentaire d'une preforme (28) pxesentant un passage axial (30) au niveau du fond, la densification de la 
preforme par infil tration chimique en phase vapeur et robturation du passage par un bouchpn (34). Avant densification, la preTorme 
pent etre consolidee. Une etape finale d' infiltration chimique en phase vapeur pent etre reahsee apres mise en phase du bouchon. 
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En ce qui concerne les codes a deux lettres et autres.abrevia- 
tions, se referer aux "Notes explicatives relatives aux codes et 
abreviations" figurant an dibut de chaque numero ordinaire de 
la Gazette du PCT. ! 
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Titre de rinvention 

Precede de fabrication d'un bol en materiau composite triermostructural, 
notamment pour une installation de production de silicium monocristailin. 

5 Domaine de ('invention 

L'invention concerne la fabrication de bols en materiau 
composite thermostructural. Un domaine d'application de l'invention est 
plus particulierement la fabrication de bols destines a recevoir des 
creusets contenant du metal fondu, tel que du silicium. 

10 Par materiau composite thermostructural, on entend un 

materiau comprenant un renfort fibreux en fibres refractaires, par exemple 
en fibres de carbone ou de ceramique, densifie par une matrice 
refractaire, par exemple en carbone ou en ceramique. | Les materiaux 
composites carbone/carbone (C/C) et les materiaux composites a matrice 

15 ceramique (CMC) sont des exemples de materiaux composites 
thermostructuraux. 

Arriere-plan de l'invention j 

Un procede bien connu de production de silicium 

20 monocristailin, destine plus particulierement a la fabrication de produits 
semi-conducteurs, consiste a faire fondre du silicium dans un creuset, a 
mettre en contact avec le bain de silicium liquide un germe de cristal ayant 
I'arrangement cristallin desire, pour initier la solidification a partir du 
silicium contenu dans le creuset, avec ('arrangement cristallin voulu, et a 

25 tirer mecaniquement hors du creuset un lingot de silicium monocristailin 
ainsi obtenu. Ce procede est connu sous ('appellation procede 
Czochralski, ou procede "CZ". 

Le creuset contenant le silicium fondu est habituellement en 
quartz (Si0 2 ). Le creuset est place dans un bol qui est generalement en 

30 graphite, etant note qu'i! a ete aussi propose de le realiser au moins 
partiellement en materiau composite C/C. Le bol repose par son fond sur 
un support. A cet effet, le fond du bol doit etre usine, notamment pour 
former une portee de centrage et une zone d'appui. bn outre, dans 
I'application consideYee, les imperatifs de tres haute purete impliquent de 

35 faire appel a des matieres premieres pures, a des procedes non polluants 
et a des procedes de purification a I'etat final ou a un etat intermediate de 
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fabrication du bol. Pour les produits carbones (tels que graphite ou 
composites C/C), des procedes de purification par traitement a haute 
temperature (plus de 2000°C) sous atmosphere neutre ou reactive (par 
exemple halogene) sont connus et utilises de fagon courante. 
5 Les pieces en graphite utilisees comme bois sont fragiles. Eiles 

sont souvent realisees en plusieurs parties (architecture en "petales") et 
ne peuvent retenir| le silicium fondu en cas de fuite du creuset. Ce 
probleme de securite devient de plus en plus critique avec I'augmentation 
de taille des lingotsjde silicium tires, done I'accroissement de la masse de 

10 silicium liquide. Pari ailleurs, ies bols en graphite ont generalement une 
faible duree de vie et une epaisseur, done aussi un encombrement 
important. Utilisation de pieces en materiau composite C/C, qui ne 
presentent pas ces inconvenients et presentent en particulier de 
meilleures proprietes mecaniques, est preferable. 

15 La fabrication d'une piece en materiau composite C/C ou plus 

generalement en ] materiau composite thermostructural, comprend 
habituellement ia realisation d'une preforme fibreuse ayant une forme 
correspondant a cede de la piece a realiser et constituant le renfort fibreux 
du materiau composite, et la densification de la preforme par la matrice. 

20 Des techniques couramment utilisees pour realiser des 

preformes sont le bobinage filamentaire consistant a enrouler des fits sur 



un mandrin ayant 



une forme correspondant a celle de la preforme a 



realiser, le drapage consistant a superposer des couches ou strates de 
texture fibreuse bidimensionnelle sur une forme adaptee a la forme de la 

25 preforme a realiserj, les strates superposees etant eventuellement liees 
entre elles par aiguilletage ou par couture, et encore le tissage ou 
tricotage tridimensionnel. 

La densification de la preforme peut etre realisee de facon bien 
connue par voie liquide ou par voie gazeuse. La densification par voie 

30 liquide consiste a| impregner la preforme - ou a pre-impregner les 
filaments ou strates qui la constituent - par un precurseur de la matrice, 
par exemple une resine precurseur de carbone ou de ceramique, et a 
transformer le precurseur par traitement thermique. La densification par 
voie gazeuse, ou infiltration chimique en phase vapeur, consiste a placer 

35 la preforme dans une enceinte et a admettre dans I'enceinte une phase 
gazeuse precurseilir de la matrice. Les conditions notamment de 



temperature et de pression sont ajustees pour permettre a la phase 
gazeuse de diffuser au sein de la porosite de la preformejet, au contact 
des fibres, de former sur celles-ci un depot du materiau constitutif de la 
matrice par decomposition d'un constituant de la phase gazeuse ou 
5 reaction entre plusieurs constituants. 

Dans le cas de pieces ayant une forme relativenjient complexe, 
telle que celie d'un bol, une difficulty particuiiere reside dans la fabrication 
d'une preforme fibreuse ayant la forme correspondante. 

Une autre difficulty reside dans Tobtention d'unje densification 
10 raisonnablement simple et rapide, notamment dans le cas de bols de 
grandes dimensions. Or, pour I'industrie des semi-conducteurs, il existe 
un besoin de lingots de silicium de diametres de plus en plus grands, ce 
qui impose la foumiture de creusets et bols de support de dimensions 
adaptees. j 



15 



Qbjet et resume de 1'invention 



de fabrication 
permette de 



L'invention a pour but de proposer un procede 
d'un bol en materiau composite thermostructural qui 
surmonter ces difficultes, tout en restant simple et economique. 
20 Conformement a l'invention, le procede comprend les etapes 

qui consistent a : 

- realiser par bobinage filamentaire une preforme de bol 
presentant un passage axial au niveau du fond, 

- densifier la preforme de bol par infiltration chimique en phase 
25 vapeur, et , 

- obturer le passage par un bouchon. 

La realisation d'une preforme de bol presentant un passage 
axial presente deux avantages. D'une part, la preforme peut etre realisee 
par bobinage filamentaire sans difficultes excessivesJ It en serait 

30 autrement si une preforme de bol complete devait etre obtenue par 
bobinage filamentaire. D'autre part, lors de la densification de la preforme 
par infiltration chimique en phase vapeur, la presence d'un trou axial 
favorise recoupment de la phase gazeuse et parj la-meme, la 
densification. , 

35 De preference, on realise une preforme de bol rigidifiee ou 

consolidee, avant la densification par infiltration chimique en phase 
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vapeur. De facon en soi connue, une preforme de bol consolidee est 
realisee par densification partielle d'une structure fibreuse ayant la forme 
desiree, la densification partielle etant au moins suffisante pour donner a 
la preforme une tenue lui permettant d'etre manipuiee. La densification 
partielle peut etre realisee par voie liquide, avec impregnation par un 
riau constitutif de la matrice du materiau composite et 
precurseur par traitement thermique, ou par voie 



precurseur du mate 
transformation du 
gazeuse. 



La preforme peut etre consolidee par impregnation par un 
10 precurseur de carbone, par exemple choisi parmi les resines phenoliques, 
furaniques, epoxy et polyimides, et transformation du precurseur. 

La realisation de la preforme consolidee comprend 
avantageusement la realisation d'un bobinage au moyen d'un fil impregne 
par ledit precurseur] 

15 Deux preformes consolidees peuvent etre realisees 

simultanement sur un mandrin ayant une forme correspondant a celle de 
deux parties de bol en regard, en realisant le bobinage filamentaire sur te 
mandrin, et en tronconnant le bobinage realise, dans sa partie mediane. 

La densification de la preforme par infiltration chimique en 

20 phase vapeur permet d'obtenir une matrice de carbone qui presente la 
continuity ndcessaire pour eviter une pollution de ('installation de 
production de silicium monocristaliin par des particules issues des fibres 
ou d'un coke de resine forme sur les fibres pour consolider la preforme. 
Une matrice de carbone obtenue par infiltration chimique en phase vapeur 

25 presente aussi une meilleure tenue a la corrosion au contact du creuset 
en quartz a temperature elevee. 

Avantageusement, la preforme de bol consolidee est realisee a 
partir de fil exempt de traitement de surface, tel que, par exemple, une 
oxydation menagee par voie 6lectrochimique ou autre. Le fil est 

30 notamment un fil en carbone. L'absence de traitement de surface, 
generalement prevu sur les fils du commerce pour apporter des fonctions 
de surface favorisant la liaison avec les matrices organiques, contribue a 
une meilleure stabilite dimensionnelle en evitant Tapparition de contraintes 
internes tors de I'elaboration du materiau composite. 

35 Selon une autre particularity du procede, il comporte une etape 

consistant a realiser une etape finale d'infiltration chimique en phase 
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vapeur apres obturation du passage par le bouchon, celui-ci etant de 
preference en materiau composite thermostructural. I L'etape finale 
d'infiltration peut comprendre la formation d'une phase jde matrice de 
nature differente de cede precedemment formee lors jdes etapes de 
5 consolidation de la preforme de bol et de densification subsequente. Ainsi, 
dans le cas d'une preforme densifiee par du carbone, l'etape finale 
d'infiltration- peut consister a deposer une phase de matrice ceramique, 
par exemple en carbure de silicium. Une telle phase exteme de matrice 
apporte un protection du materiau composite vis-a-vis de I'pxydation. 

10 Avantageusement, le bol est soumis a un| traitement de 

purification et stabilisation a haute temperature, de preference a une 
temperature superieure a 2200°C. La purification peut et^e realisee sous 
atmosphere de chlore, comme cela est bien connu pour le graphite. Elle 
permet d'evacuer des impuretes susceptibles de polluer le silicium dans le 

15 cas de I'utilisation du bol comme support de creusets contenant du 
silicium pour fabriquer des lingots de silicium monocristallin. 

Un tel traitement de purification pourrait etre realise au stade 
de la preforme de bol consolidee. Le traitement thermique contribue alors 
en outre a eviter des variations dimensionnelles lors de la suite du 

20 processus de fabrication. Dans la mesure ou le bouchon d'obturation du 
fond du bol aura subi egalement un traitement de purification, la 
realisation d'une purification apres infiltration chimique en phase vapeur 
pourrait alors ne pas etre necessaire. ; 

Un revetement de protection pourra etre forme au moins du 

25 cote interieur du bol. Un tel revetement peut etre en carbone pyrolytique, 
ou pyrocarbone, obtenu par depot chimique en phase vapeur, ou en 
ceramique, par exemple carbure de silicium (SiC) obtenu egalement par 
infiltration chimique en phase vapeur. On pourra en variante munir la face 
interieure du bol d'une couche de protection, par exemple en composite 

30 C/C. ' 

i 

Breve description des dessins 

L'invention sera mieux comprise a la description plus detaillee 
faite ci-apres en reference aux dessins annexes sur lesquels : 
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■ la figure 



10 



1 est une demi-vue en coupe tres schematique 



montrant un bol en materiau composite utilise comme support de creuset 



dans une installation 
- la figure 



de production de lingots de silicium ; 

2 est un diagramme montrant des etapes 
successives d'un premier mode de mise en oeuvre d'un procede 
conforme a I' invention ; et 

- les figures 3A a 3D sont des demi-vues en coupe qui montrent 
les etapes successives de realisation d'un bot en materiau composite 
selon le procede de la figure 2. 

Description detaillee Ide modes de realisation 

Comme dija indique, le domaine d'application de I'invention est 
plus particulierement la realisation de bols en materiau composite 
thermostructural pour le support de creusets dans des installations de 
1 5 production de lingots de silicium monocristallin. 

La figure 1 montre tres schematiquement un tel bol en materiau 
composite, par exemple en materiau composite C/C, qui supporte un 
creuset 5, generalement en quartz. Le bol 1 repose sur un support 
annulaire forme par une bague 2 montee a Textremite d'un arbre 3 en 
20 formant avec celui-c un decrochement 4. Le bol a une partie de fond 1a 
et une partie de pourtour 1b ayant une portion sensiblement cylindrique 
qui se raccorde a la partie de fond par une portion a profil arrondi. La 
partie de fond du bol 1 est usinee pour former une portee de centrage 
correspondant au decrochement 4 et une surface d'appui sur la bague 2. 
25 Apres remplissage du creuset par du silicium, I'ensemble est 

place dans un four et la temperature dans le four est portee a une valeur 
suffisante pour provoquer la liquefaction du silicium. A cette temperature, 
le creuset se ramollit et epouse la forme du bol. Un germe presentant 
I'arrangement cristaliin desire est ensuite amene au contact du bain de 
30 silicium puis extrait lentement en formant une colonne entre le germe et le 
bain. Un lingot est ainsi tire a faible vitesse, jusqu'a une longueur pouvant 
etre de 1 a 2 m, 

Ce procede de fabrication de lingots de silicium est bien connu 
et ne fait pas partie de I'invention, de sorte qu'une description plus 
35 detaillee n'est pas necessaire. 
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de type CMC, 



Par leur capacite a conserver des bonnes proprietes 
mecaniques et une bonne stabilite dimensionnelle aux | temperatures 
elevees, les materiaux composites thermostructurauxj conviennent 
particulierement pour la realisation de bols destines a cette application. 
5 Dans la description qui suit, on envisage la realisation de bois 

en materiaux composites C/C a renfort fibreux en fibres de carbone et 
matrice en carbone ou au moins essentiellement en carbone . L'invention 
englobe aussi la realisation de bols en materiaux composite i 
a renfort fibreux en fibres en ceramique (par exemple en fibres SiC) et a 

10 matrice egalement ceramique (par exemple egalement|en SiC), les 
technologies d'elaboration des CMC etant bten connues. , 

Le renfort fibreux est realise a partir de fils tels que disponibles 
dans le commerce mais exempts de traitement de surface habituellement 
prevu pour apporter des fonctions de surface favorisant la liaison avec 

15 une matrice organique lorsque ces fils sont utilises pour former des 
materiaux composites de type fibres/resine non destines a des 
applications a des temperatures elevees. L'absence de fonctions de 
surface permet d'eviter des contraintes internes lors du | processus de 
fabrication du materiau composite avec le procede de l'invention. 

20 Un premier mode de mise en oeuvre d'un procede de 

fabrication de bol en materiau composite sera maintenant decrit en 
reference aux figures 2 et 3A a 3D. 

Une premiere etape 10 du procede (figure 2) cohsiste a fournir 
un mandrin 12 (figure 3A). Celui-ci a une forme correspondant a celle de 

25 deux parties de pourtour de bols a realiser places tetejbeche. A ses 
extremites axiales, le mandrin est complete par des bagues 14 qui 
presentent un evidement annulaire 16 forme dans leur surface exterieure, 
a leur peripherie. j 

Le mandrin 12 et les bagues 14 sont par exemple metalliques. 

30 L'ensemble est monte et immobilise axialement sur un axe 18 qui passe a 
travers des passages centraux des bagues 14 et est relie a un moteur 
d'entrainement en rotation (non represents) . j 

Une deuxieme etape 20 du procede consistej a realiser un 
bobinage filamentaire sur le mandrin 12. 

35 Le bobinage 22 est realise au moyen d'un fil pre-impregne par 

un precurseur liquide du carbone, par exemple une resine phenolique. 
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Aux extremites axiales du mandrin, le bobinage s'etend jusqu'a realiser un 
bobinage partiel des bagues 14 au niveau des evidements 16. Le 
bobinage est poursuivi jusqu'a atteindre I'epaisseur desiree pour les 
preformes correspondant aux parties de pourtours de bols situees tete- 

5 beche (figure 3B). Les bagues 14 facilitent I'arret du bobinage filamentaire 
aux extremites axiales de celui-ci. Les bagues 14 pourraient etre realisees 
d'une seule piece avec le mandrin 12. Pour eviter une trop grande 
epaisseur de bobinage au niveau des zones d'extremite du mandrin ou ie 
diametre decroit relativement fortement, le bobinage peut comporter 

10 plusieurs chignons 2k 1 , 24" etages sur des diametres differents. 

Apres bobinage, I'ebauche 26 formee par le bobinage 22, et 
supportee par ie mandrin 12, est placee en etuve pour realiser la 
polymerisation de la resine phenolique impregnant le til de bobinage 
(etape 30 du procede). 

15 A I'etage suivante 40, I'ebauche 26 est tronconnee radialement 

en son milieu pour obtenir deux demi-coques 28 qui sont retirees du 
mandrin 12 (figure 3C), chacune presentant un passage axial 30. 

Chaque demi-coque 28 est alors traitee thermiquement (etape 
50) pour realiser uncs carbonisation de la resine phenolique et obtenir une 

20 preforme de bol consolidee comprenant un passage axial 30 au niveau du 
fond. La consolidation du bobinage filamentaire consiste en une 
densification par la matrice carbone issue de la transformation de la 
resine phenolique. On obtient une preforme partiellement densifiee, c'est- 
a-dire presentant urjie porosite residuelle accessible, tout en ayant une 

25 tenue suffisante pour etre manipulee. 

Ensuite, ia preforme de bol purifiee est placee dans une 



enceinte pour subir 



une etape de densification chimique en phase de 



vapeur (etape 60 du procede). La densification est realisee pour combler 
au moins partiellement la porosite residuelle de la preforme consolidee 

30 par du carbone pyrdlytique. Celui-ci est obtenu de facon bien connue en 
soi a partir d'une pljiase gazeuse contenant un hydrocarbure, tel que du 
methane ou gaz nature!, constituant le precurseur du carbone. 

Ptusieursj preformes de bol peuvent etre densifiees 
simultanement a Ijinterieur d'une meme enceinte. A cet effet, les 

35 preformes sont disposees les unes au-dessus des autres, en etant 
alignees axialement et en menageant entre elles des intervalles dans 



lesquels la phase gazeuse peut circuler. Un procede d'infiltration chimique 
en phase vapeur avec flux dirige de la phase gazeuse, tel que decrit dans 
le brevet US 5 904 957, peut etre utilise. ] 

L'etape 60 d'infiltration chimique en phase vapeur contribue 
5 non seulement a completer la densification de la preforme, mais aussi a 
former une matrice continue ayant une microstructure contrdlee et 
capable de bloquer au sein du materiau d'eventuelles particules de 
carbone des fibres ou grains de coke de resine de consolidation, de sorte 
qu'une pollution eventuelle par ces particules ou grains lors de I'utilisation 

10 du bol est evitee. Par rapport a une matrice carbone obtenue par voie 
liquide, la matrice carbone obtenue par infiltration chimijque en phase 
vapeur presente en outre une meilleure tenue a la corrosion au contact 
d'un creuset en quartz a temperature elevee. 

L'etape suivante 70 du procede consiste a realiser un usinage 

15 dans la partie de fond du bol afin d'y fixer un bouchon 34 pour obturer le 
passage 30 (figure 3D). Dans I'exemple illustre, le bouchon|34 est realise 
en deux pieces 35, 37 par exemple en materiau composite C/C 
(etape 80), ayant subi si necessaire une etape de purification du carbone. 
La piece 35 a une forme de coupelle ayant un pourtour en forme de levre 

20 35a s'appuyant sur le rebord du passage 30, du cote interieur du bol 
tandis que la piece 37, egalement en forme de coupelle a un rebord 37a 
s'appuyant sur le rebord du passage 30 du cote exterieur. La liaison entre 
les pieces 35 et 37 peut etre realisee par vissage, la piece 35 presentant 
une partie centrale en saillie qui est vissee dans un logement de la piece 

25 37. Les pieces 35 et 37 enserrent le rebord 30a de I'ouverture 30. Les 
pieces 35 et 37 constitutives du 34 en materiau composite C/C peuvent 
etre realisees par tout procede connu. Par exemple, des preformes sont 
formees par superposition de strates bidimensionnellesj en forme de 
disques en fibres de carbone. Les strates, par exemple en tissu, sont liees 

30 entre elles par aiguilletage ou par couture. Une densification par une 
matrice en carbone est ensuite realisee par une voie jliquide ou par 
infiltration chimique en phase vapeur. j 

Apres montage du bouchon 34 (etape 90), une nouvelle etape 
finale 100 de densification d'une phase finale de matrice en carbone 

35 obtenue par infiltration chimique en phase vapeur peut etre realisee afin 
de parfaire I'assemblage du bouchon 34 avec la partie de fond de la 
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preforme 28 et completer la densification de cette derniere. Un bol 36 en 
materiau composite C/C est alors obtenu pret a etre utilise, 
eventuellement apres un usinage final de finition de la partie de fond et du 
bouchon 34. ! 
5 L'etape suivante 110 du precede consiste a realiser une 

purification du carbone du bol obtenu lorsque, pour I'application 
envisagee, le bol a realiser doit etre exempt d'impuretes. II en est ainsi 
pour des installations de tirage de siiicium monocristallin destine a la 
fabrication de produits semi-conducteurs, le siiicium devant etre 

10 initialement non contamine par des impuretes. La purification du carbone 
peut etre obtenue par traitement thermique a une temperature comprise 
de preference entre 2200°C et 3000°C, par exemple egale a environ 
2400°C, sous une | atmosphere non oxydante, par exemple sous une 
atmosphere de chlpre, et a une pression de preference inferieure a 

15 100 kPa, par exempie egale a environ 10 kPa. Un tel traitement thermique 
sous chlore est bien connu en soi pour la purification du graphite. Ce 
traitement thermique realise aussi une stabilisation dimensionnelle de la 
preforme de bol cpnsoltdee. En variante, la purification pourrait etre 
realisee au stade de la preforme de bol consolidee, apres l'etape 50. 

20 Dans la mesure ou le bouchon 34 aura aussi subi une purification, l'etape 
finale de purification, apres infiltration chimique en phase vapeur, pourra 

etre omise. i 

i 

Dans le pas ou le bol est destine a recevoir un creuset en 
quartz, il peut etre souhaitable de prot§ger le bol vis-a-vis d'une erosion 

25 provoquee par une'reaction chimique entre le quartz (SiOa) et le carbone 
du bol a la temperature d'utilisation du creuset. Dans le cas de tirage de 
siiicium monocristallin, le creuset est en effet porte a une temperature 
d'environ 1600°C a! laqueile le quartz se ramollit, flue en epousant la 
forme de bol de support, et a tendance a etre reactif. 

30 Une protection peut etre obtenue en formant au moins du cote 

interieur du bol un revetement de protection (etape 120). Le revetement 
de protection peut etre en carbone pyrolytique, ou pyrocarbone, obtenu 
par depot chimique en phase vapeur, ou en ceramique, par exemple 
carbure de siiicium] (SiC), obtenu egalement par infiltration en phase 

35 vapeur. De facon bien connue en soi, un depot SiC peut etre obtenu par 
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depot chimique en phase vapeur a partir d'une phase gazeuse contenant 
un precurseur de SiC tel que le MTS (methyltrichlorosilane). 

Le revetement de protection peut etre forme dans la continuity 
de I'etape finale 100 de densification, avant le traitement thermique final 
eventuel de purification. 

En variante, une protection du bol peut etre realisee en 
interposant entre le bol et le creuset une couche intercalate epousant la 



forme du bol, par exemple une couche de protection 



thermostructural tel qu'un composite C/C obtenu par densification d'une 



en composite 



10 preforme fibreuse formee de feutre de carbone ou de strates 
bidimensionnelles en fibres de carbone. j 

La figure 1 montre une telle couche de protection 6 garnissant 
ia face interieure du bol 1 . Cette couche de protection est! consommable, 
un re-garnissage du bol etant effectue periodiquement. 

15 Bien que Ton ait envisage ci-avant le bobinage d'une ebauche 

permettant de realiser simultanement deux ebauches de bol, il va de soi 
que les ebauches de bol pourront etre fabriquees individuellement. 
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REVENDICATIONS 



1 . Procede de fabrication d'un bol en materiau composite 
thermostructural forme d'un renfort fibreux densifie par une matrice, 

5 caracterise en ce qu'il comprend les etapes qui consistent a : 

- realiser par bobinage fiiamentaire une preforme de bol (28) 
presentant un passage axial (30) au niveau du fond, 

- densifierj la preforme de bol par infiltration chimique en phase 
vapeur, et 1 

10 - obturer le passage par un bouchon (34). 

2. Procede selon la revendication 1 , caracterise en ce que Ton 
realise une preforme de bol consolidee avant infiltration chimique en 
phase vapeur. j 

3. Procede selon Tune quelconque des revendications 1 et 2, 
15 caracterise en ce que la preforme de bol (28) consolidee est realisee par 

bobinage d'un fil impregne par un precurseur dudit materiau constitutif de 
la matrice et transformation du precurseur par traitement thermique. 

4. Procede selon la revendication 3, caracterise en ce que la 
preforme de bol (28) consolidee est realisee par bobinage d'un fil 

20 impregne par un precurseur de carbone et transformation du precurseur. 

5. Procede selon la revendication 4, caracterise en ce que le 
precurseur de carbone est choisi parmi les resines phenoliques, 
furaniques, epoxy et polyimides. 

6. Procede selon Tune quelconque des revendications 3, 4 et 5, 
25 caracterise en ce que Ton realise simultan^ment deux preformes 

consolidees, en realisant le bobinage sur un mandrin (12) ayant une 
forme correspondant a celle de deux parties de pourtour de boi tete- 
beche, et en trontponnant le bobinage realise (22), dans sa partie 
mediane. 

30 7, Proced6 selon I'une quelconque des revendications 1 a 6, 

caracterise en ce que la preforme de bol est realisee a partir de fil exempt 
de traitement de surface apportant des fonctions de surface. 

8. Procede selon I'une quelconque des revendications 1 a 7, 
caracterise en ce que la preforme de bol est realisee a partir de fil en 

35 carbone. 
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9. Procede selon I'une quelconque des revendications 1 a 8, 
caracterise en ce que le bol est soumis a un traitement de; purification et 
stabilisation a haute temperature. 

10. Procede selon I'une quelconque des revendications 1 a 8, 
5 caracterise en ce qu'un traitement de purification et stabilisation a haute 

temperature est realise a un stade de preforme de bol consolidee. 

11 . Procede selon I'une quelconque des revendications 9 et 10, 
caracterise en ce que le traitement de purification et stabilisation est 
realise a une temperature superieure a 2200°C. 

10 12. Procede selon I'une quelconque des revendications 1 a 11, 

caracterise en ce que la densification de la preforme de bol est realisee 
par formation d'une matrice en carbone. 

13. Procede selon I'une quelconque des revendications 1 a 12, 
caracterise en ce que le bouchon (34) est realise en deux [parties (35,37) 

15 assemblies Tune a I'autre en enserrant le rebord du passkge axial de la 
preforme. 

14. Procede selon I'une quelconque des revendications 1 a 13, 
caracterise en ce que le passage (30) est obture par un bouchon (34) en 
materiau composite thermostructural. t 

20 15. Procede selon Tune quelconque des revendications 1 a 14, 

caracterise en ce qu'il comporte une etape consistant a realiser une etape 
finale d'infiltration chimique en phase vapeur apres obturation du passage 
(30) par le bouchon (34). 

16. Procede selon la revendication 15, caracterise en ce que 
25 I'etape finale d'infiltration chimique en phase vapeur! comprend la 

formation d'une phase de matrice ceramique. 

17. Procede selon la revendication 16, caracterise en ce que la 
phase de matrice ceramique est en carbure de silicium. 

18. Procede selon I'une quelconque des revendications 1 a 17, 
30 caracterise en ce que Ton forme un revetement de protection au moins sur 

la face interieure du bol. 

19. Procede selon la revendication 18, caracterise en ce que 
Ton forme un revetement de protection en pyrocarbone. 

20. Procede selon la revendication 18, caracterise en ce que 
35 Ton forme un revetement de protection en carbure de silicium. 
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21 . Procede selon Tune quelconque des revendications 1 a 20, 
caracterise en ce que Ton munit la face interieure du bol d'une couche de 
protection. 

22. ProcecJe selon la revendication 21 , caracterise en ce que la 
couche de protection est en materiau composite thermostructural. 

23. Procede selon la revendication 22, caracterise en ce que 
plusieurs preformes jde bol consolidees sont densifiees simultanement par 
infiltration chimique en phase vapeur. 



i 



WO 01/38255 



1/3 



FIG.1 



WO 01/38255 



PCT/FR00/0327S 



2/3 

FOURNIR UN MANDRIN 



BOBINAGE FILAMENTAIRE 
SUR LE MANDRIN 



POLYMERISATION RESINE 
PHENOLIQUE 



TRONCONNAGE 
DE L'EBAUCHE 



TRAITEMENT THERMIQUE 
DE CARBONISATION 



-10 



-20 



-30 



-40 



-50 



FtlG.2 



DENSIFICATION PAR 
INFILTRATION CHIMIQUE 
EN PHASE VAPEUR 



.^60 



USINAGE 



REALISATION D'UN 
BOUCHON EN 
COMPOSITE C/C 



MISE EN PLACE D'UN 
BOUCHON SUR LA 
P ARTIE DE FOND 



DENSIFICATION PAR 
INFILTRATION CHIMIQUE 
EN PHASE VAPEUR 



TRAITEMENT THERMIQUE 
DE PURIFICATION 



DEPOT D'UN REVETEMENT 
DE PROTECTION 



-70 



-80 



-90 



-100 



-110 



-120 



WO 01/38255 



PCT/FR00/03275 




FIG.3C 



FIG. 3D 3 9 a -| 



37a 
\ 37 





Intemi 1 il Application No 




PCT/FR 00/03275 



A. CLASSIFICATION OF SUBJECT MATTER t . , 

IPC 7 C04B35/83 C04B35/80 C30B15/12 C23C16/04 



According lo Iniemaiional Palenl Classification (IPC) or lo both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (dassificalion system followed by classification symbols) 

IPC 7 C04B C30B C23C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fietos searched 



Electronic data base consulted during Ihe international search (name ot data base and, where practical search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


A 


US 5 904 957 A (F. CHRISTIN ET AL.) 
18 May 1999 (1999-05-18) 
cited in the application 
claims 1,5-7 


1-23 



j I Further documents are listed in ihe continuation of box C. jy | Patent family memberslare listed in annex. 



' Special categories ol cited documents : 

"A" document defining the general state of the art which Is not 

considered to be of partfcutar relevance 
'E* eartier document but published on or after the international 

filing date 

"L" document which may throw doubt3 on priority claim(3)or 
which is cited to establish the publication dale of another 
citation or other special reason (as specified) 

*0* document referring to an oral disclosure, use, exhibition or 
other means 

'P' document published prior to the international filing date but 
later than the priority date claimed 



Date ot the actual completion of the international search 

30 January 2001 


Date of mailing of the international search repon 

06/02/2001 


Name and mailing address ot the ISA 

European Patent Office. P.B, 5818 Patentlaan 2 
NL - 2280 HV Bi]swijk 
TeL (+31-70) 340-2040. Tx. 31 651 epo rtl, 
Fax (+31-70)340-3016 


Authorized officer 

Hauck, H 


Form PCT/ISA/210 (socond trwM) (July 1892) 





'T* later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
mvotve an inventive step when the document Is taken alone 

*Y* document of particular relevance: the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with |one or more other such docu- 
ments, such combination being obvious to a person skilled . 
in the art. j 

"4" document member of the same patent family 



INTERNATIONAL SEARCH REPORT 

# motion on patent family members 



Intern- al Appticatlon No 

PCT/FR 00/03275 



Patent document 


Publication 




Patent family 


Publication 


cited in search report 


date 




member(s) 


date 


US 5904957 A 


18-05-1999 


FR 


2733254 A 


25-10-1996 






CA 


2218317 A 


24-10-1996 






DE 


69603593 D 


09-09-1999 






DE 


69603593 T 


24-02-2000 






EP 


0821744 A 


04-02-1998 






WO 


9633295 A 


24-10-1996 






JP 


11503795 T 


30-03-1999 



RAPPORT DE KfcCHfcKCiili; 1IN1 EKNA 1 lUINALJt 



Demar , Uer nation ale No 

PCT/FR 00/03275 



A. CLASSEMENT DE L'OBJET de la oemande 

CIB 7 C04B35/83 C04B35/80 C30B15/12 C23C16/04 



Selon ta classification internationale des brevets (CIB) ou a la lois selon la classification nationals et la ClB 



B. DOMAINES SUR LESOUELS LA RECHERCHE A PORTE 



Documentation mnimate consuttee (systems de classification sutvi des symboles de classemeni) 

CIB 7 C04B C30B C23C 



Documentation consultee autre que la documentation minimale dans la mesure ou ces documents retevem des domainessur lesqueis a pone ta recherche 



Base de connees eisctronique consuttee au cours de la recherche internationale (nom de la base de donnees. et si realisable, termes de recherche utilises) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERES COMME PERTINENTS 



Categorie ■ Idenliticatton des documents dies. avec. le cas echeant. ("indication des passages pertinents 



no. des revendicationsvisees 



US 5 904 957 A (F. CHRISTIN ET AL.) 
18 mai 1999 (1999-05-18) 
cite dans la demande 
revendications 1,5-7 



1-23 



| | Voir la 



suite du cadre C pour ta fin de ta liste des documents 



ID 



Les documents de families de brevets sont tndiques en annexe 



* Categories speciales de documents cites: 

•A' document detinissanl I'elat general de la lechniquo. rton 

considere comme paniculierement pertinent 
*E* document anterieur, mais publie a la date de depot international 

ou apres cetie date 
'L* document pouvant jeter un dome sur une revertdtcation de 

priorite ou cite pour determiner la date de publication d'une 

autre citation ou pour une raison specials (lefle qu'indiquee) 
"O* document se referant a une divulgation orate, a un usage, a 

une exposition ou tous autres moyens 
■P" document publie avant la dale de depot international, mais 

posterieurement a ta date de pnorite revendiquee 



T* document ulterieur publie apres ta date de depot international ou la 
date de priorite et n'appartertenant pas a fetal de ta 
technique pertinenl. mais cite pour comprendre le principe 
ou la tneorie constttuant la base de Pinvention 

'X' document particulierement pertinent; Hnven lion revendiquee ne peul 
etre consideree comme nouvelle ou comme impitquanl une acttvUe 
inventive par rapport au document considere isolemenl 

'Y* document particuHersmenl pertinent: Tinven lion revendiquee 
ne pout etre consideree comme impllquani une activtte inventive 
loreque le document est associe a un ou plusiaurs autres 
documents da meme nature, cette combtnaison etant evidente 
pour une personne du metier 

'&' document qui fait partis de la meme famHIe de brevets 



Dale a laquetle la recherche internationale a ate eflectivemant achevee 



30 janvler 2001 



Date d'expedition du present rapport de recherche internationale 



06/02/2001 



Nom et adresse po stale de radministration charges de la recherche internationale 
Office Europeen des Brevets. P.B. 5813 Patentlaan 2 
NL - 2260 HV Ritswijk 
TeL (+31-70) 340-2040, Tx. 31 55 1 epo nl. 
Fax: (+31-70) 340-3016 



FonclionnairQ autonse 



Hauck, H 



Founuiaita PCT/1SA/210 (dauuimo teuilt) 0"»« ,992 > 



RAPPORT DE RE CHER 

Rensoigrvements relatifs au .en 


CHE INTERNATIONALE 

ibres de families d« brevet* 






Demot He 

PCT/FR 


rnst)on&J4 No 

30/03275 


Document brevet cite 
au rapport tie recherche 


Date de 
publication 


Membre(s) de la 
famiile de brevet(s) 


Date de 
publication 


US 5904957 A 


18-05-1999 


FR 2733254 A 
CA 2218317 A 
DE 69603593 D 


25-10-1996 
24-10-1996 
09-09-1999 



DE 69603593 T 24-02-2000 

EP 0821744 A 04-02-1998 

W0 9633295 A 24-10-1996 

JP 11503795 T 30-03-1999 



! 



